To overcome the problems of Air Quality Index in describing regional short-term air quality status and changing trend, based on the daily average concentrations of six air pollutants affecting regional air quality in Zhengzhou from 2015 to 2018, this paper analyzes their correlation characteristics and defines an air quality composite index instead of the original index by using factor analysis method, which not only extracts all the information of each Individual Air Quality Index, but also eliminates the correlation among them. At last, it analyzes the difference between the two indices in describing regional short-term air quality status and changing trend.
INTRODUCTION
The inefficient resource utilization and rapid population agglomeration have greatly promoted the rapid growth of China's economy and the rapid advancement of urbanization to some certain extent in recent China (Zhang et al., 2019a) . At the same time, the excessive emissions of atmospheric pollutants, which have great impact on human health, ecology and environment, such as total suspended particulate matter, sulfur dioxide (SO 2 ), nitrogen oxide (NOx), volatile organic compounds (VOCs), photochemical oxides and the greenhouse gases have been causing serious ecological problems (especially atmospheric environmental problems) in many urbanized regions.
The statistical results show that the air pollutants in Chinese cities mainly include six pollutant items such as PM2.5, PM10, SO 2 , NO 2 , CO and O 3 (Liu et al., 2013) . In order to monitor and forecast the air pollution level, the short-term air quality status and its change trends in a region, the People's Republic of China National Environmental Protection Standards (HJ 633-2012) defines the Air Quality Index (AQI), which according to these six pollutant impacts on human health, ecology and environment, simplifying separately their concentration values into a conceptual index value (Individual Air Quality Index, IAQI), which is the maximum value of the conceptual index values.
In recent years, research by geographers into urban air quality has focused on two aspects, one is the change characteristics of air quality, the other research aspect is one that emphasizes influential factors, giving rise to a lot of valuable results (Lin and Wang, 2016) .
In fact, there are certain correlations between the six air pollutants in a region. Although the single maximum could describe the overall distribution characteristics of the main pollutant and correlate the partial distribution characteristics with the other pollutants, it largely ignored 
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Pollutant concentration interval PM2 .5  PM10  SO 2  NO 2  CO  O 3  0  0  0  0  0  0  0  50  35  50  50  40  2  100  100  75  150  150  80  4  160  150  115  250  470  180  14  210  200  150  350  800  280  24  265  300  250  420  1600  565  36  800  400  350  500  2100  750  48  1000  500  500  600  2620  940  60  1200 the impact of non-correlate partial of other pollutants on the air quality, where there are certain limitations in describing the short-term air quality condition and its change trend. Taking Zhengzhou as an example, this paper analyzes the correlation characteristics of the six air pollutants items using the air pollutant monitoring data from 2015 to 2018, which studies the limitations of AQI and proposes a composite index to describe the air quality conditions, calculates the composite index values of the region in the study period, and then compares the differences of the two indices in described air quality conditions.
The definition of AQI
AQI is the maximum of the six Individual Air Quality Indices ( IAQI ), and takes the corresponding pollutant as the primary pollutant. The calculation steps are as follows:
(1) According to the equivalent impact degrees of the six air pollutants PM2. 
and takes the corresponding pollutant as the primary pollutant.
CORRELATION ANALYSIS OF POLLUTANT ITEM

Correlation analysis
The correlation coefficient is a statistical indicator used to describe the relationships between two variables by using the sum of the product of normalized deviations of the two variables (Xia et al., 2014) . For the two variables X and Y , ( , ) ii xy 1, 2,3 in  are their observed values, and the correlation coefficient of the two variables is defined as 1 ( ( (Cao et al., 2014; Lunev and Neknitkin, 2019; Zhang et al., 2019b) .
In order to study the correlation between pollutant items, taking Zhengzhou as an example, Formula 3 is used in calculating the correlation coefficient between the IAQIs of the six pollutant items in the study period. The results are shown in Table 2 . Under the confidence degree of 0.01 (both sides), there are significant correlations among them. The positive correlations appear among PM2.5, PM10, SO 2 , NO 2 and CO, with all correlation coefficients greater than 0.500, indicating that the increase of one pollutant concentration in the region would inevitably lead to the increase of the other four pollutant concentrations, and controlling the emission of one pollutant item would reduce the atmosphere pollution by the remaining four pollutant items. The negative correlations appear between O 3 and PM2.5, PM10, SO 2 , NO 2 , and CO showing the increase of the concentration of PM2.5, PM10, SO 2 , NO 2 and CO would inevitably cause the decrease of the concentration of O 3 and vice versa.
Partial correlation analysis
The correlation coefficient reflects the degree of dependence between pollutant items as a whole. To quantitatively describe the dependence degree between two pollutant items, the partial correlation coefficient between two pollutant items is defined as: (Cao et al., 2014; Lunev et al., 2019) . .
Taking Zhengzhou as an example, Formula 4 was used to calculate the partial correlation coefficient between IAQI of pollutant items. The results are shown in Table 3 .
Under the confidence degree of 0.01 (both sides), there is non-significant correlation between the pollutant items PM10 and CO, NO 2 and CO, and CO and O 3 . The strongest partial correlations appear between PM2.5 and PM10 and PM2.5 and CO, with their partial correlation coefficients greater than 0.500. There is a negative partial correlation between PM2.5 and SO 2 .
PROBLEMS ANALYSIS IN AQI
Analysis of problems in calculating of AQI
AQI is the maximum of the six IAQIs, and the corresponding pollutant item is the primary pollutant. Table 4 . SO 2 has never been the primary pollutant. Two of the six pollutant items in 20 days are the primary pollutants, that is, the corresponding concentration values of the two pollutant items simultaneously reaches the extreme high-values of the same air quality level, their IAQIs are equal, but air quality description of AQI only uses one of them as the primary pollutant, description value is only equal to the IAQI, and the air quality status is obviously worse than only one reaching the extremes high-values of the air quality level. When the primary pollutant item remains unchanged, AQI only shows the change pattern of the primary pollutant concentration, which ignores the change characteristics of non-primary pollutant items, especially when the concentration of one or more non-primary pollutant items increases significantly, but does not reach the extremes high-values of the air quality level. In this case, the real air quality situation changes obviously, but this change could not be reflected by AQI. For example, in the lightly polluted weather 2015.10.14 and 2016.3.20, their pollutant concentrations, respectively are (89, 185, 54, 81, 1.3, 125) and (7, 185, 40, 54, 1.9, 96) , corresponding individual air quality indices, respectively are (118, 118, 52, 101, 33, 71) and (78, 118, 40, 68, 48, 48) , AQIs are all 118, the primary pollutant items are all PM10, but the air quality status in the former is obviously better than that in the latter.
When the primary pollutant item changes, the original primary pollutant item concentration decreases significantly, and the other one or more pollutant item concentration increases exactly to the corresponding concentration value in the original air quality level, the real air quality composition changes significantly, but the AQI remains unchanged.
Analysis of AQI information extraction
When the primary pollutant item is determined, AQI is the IAQI. Due to the correlation among pollutant items, the IAQI of the primary pollutant item also contains the information of the IAQIs of other pollutant items, described by the partial correlation coefficient between the two IAQIs.
For example, the primary pollutant item is PM2.5, the partial correlation coefficients between PM2.5 and the other five pollutant items, respectively are 0.643, -0.141, 0.095, 0.561 and -0.136, implying that 2.5 PM AQI IAQI  respectively contains the information of other five IAQIs 64.3, 14.1, 9.5, 56.1 and 13.6% information. The un-described information in the other five IAQIs, respectively are 35.7, 85.9, 90.5, 45.9, and 86.4%. If the amount of information contained in each IAQI is regarded as one overall unit, the amount of information described by AQI is 42.9%. Similarly, when the other pollutant items are as the primary pollutant item, the amount of information described by AQI, respectively are 38.3, 35.3, 28.4, 31.9 and 30.28%. Combining with Table  4 , the amount of information extracted by AQI from the six IAQIs in the study period is only 36.8%.
In general, from the monitoring data of Zhengzhou, the continuity of AQI with time is poor, and the average daily change rate (the slope of AQI) is 36.52. Less information extraction means AQI does not fully describe the change pattern of air quality, meanwhile the application of maximum conceals the other IAQIs and their change pattern.
AIR QUALITY COMPOSITE INDEX
In order to compensate for the shortcomings of AQI in describing the overall air quality of the region, the Air Quality Composite Index is defined as the weighted average of IAQIs. ( , , , , , ) a a a a a a a  is the weighted average of the factor score vector in the factor analysis with the factor contribution rate as weights, which reflects all the information of the original six IAQIs, and could effectively eliminate the correlation among them, describing the air , , ,    , makes the common factor load coefficients closer to 1 or 0, and then calculates the information contribution rate of the new factor i V .
The Air Quality Composite Index is defined as: 2 2 3 1 2.5 2 10 3 1,2 6 4 5 6
Air quality grade
In order to grade and release the air quality, the AQCI values corresponding to each level of AQI is calculated by referring to the classification standard of AQI. Assume k T is the IAQI maximum value of k level, IAQI  IAQI  IAQI  IAQI  IAQI  IAQI   T  T  T  T  T  T is the mean value of the observation values of k level, and the upper limit of AQCI of k level is defined as: , then the air quality of the day is called k level.
Air quality analysis of Zhengzhou
Performing factor analysis on the six IAQIs in the study periods of Zhengzhou, the results i  after i  by maximum quadratic rotation and the information contribution rate i V of i  are shown in Table 5 .
In descending order of the information contribution rates, the six common factors, respectively describe the characteristics of PM10 and PM2.5, O 3 , SO 2 , NO 2, CO, and conjugate feature of PM10 and PM2.5. Overall, the first common factor presents that as the concentration of PM2.5 is higher, the corresponding concentrations of PM10 and CO also increase, but the concentrations of NO 2 and SO 2 decrease sequentially. The second common factor shows that the concentrations of the six pollutant items have the synchronous characteristics. When the concentration of PM2.5 is lower, the concentrations of NO 2 and SO 2 decrease sequentially as described by the sixth common factor. The empirical formula of AQCI is I  II  III  IV  V  VI  I  15  12  II  4  373  151  III  28  368  10  IV  33  79  25  V  3  30  37  20  VI  27 Using Formula 7 to calculate the upper limit of AQCIs of each levels, the results are shown in Table 6 . The last two lines in Table 6 are the graded days in the study periods of Zhengzhou. Table 7 is the transfer matrix of the graded days between AQI grading and AQCI grading. Due to the comprehensive consideration of the impact of the six pollutant concentrations on air quality, the day distributions of air quality are significant difference between AQI grading and AQCI grading. There are 79.1% of the days in the study period, and the description level of AQI and AQCI is the same. The IAQI values are similar, slightly less than the grading maximum value, and the air quality of 17.94% days in the study period are seriously underestimated, in which the overall air pollution levels should be high. The air quality of 2.96% days in the study period is overestimated, in which the concentration of one or more pollutant suddenly increase, whereas the other pollutant concentrations maintain its original state (even decrease).
Air quality grade
Conclusions
Based on the daily average concentrations of six atmospheric pollutants from 2015 to 2018, the correlation characteristics of pollutant concentrations are discussed in Zhengzhou using correlation analysis and partial correlation analysis methods. The results show that there are significant positive correlations between PM2.5 and PM10, PM2.5 and CO, PM10 and O 3 , and SO 2 and NO 2 , certain negative correlations between O 3 and PM2.5, and O 3 and SO 2 . For a low amount of information extraction from IAQIs, AQI could not fully describe short-term air quality status and change trend in the region.
Using the factor analysis method, the paper defines an air quality composite index by using a linear combination of six IAQIs, which not only extracts all the information of each IAQI, but also eliminates the correlation among them. Zhengzhou case analysis shows that there are 17.94% days in which the air qualities are seriously underestimated by AQI, and 2.96% days in which the air qualities are overestimated by AQI.
AQCI, based on the correlation of the daily average concentration of six atmospheric pollutants in a region, is an empirical formula obtained by the factor analysis method. For the different correlations of the six atmospheric pollutants in different regions, AQCI empirical formula and grading values are different in different regions.
